Purpose In this study, we investigated whether the time interval between oocyte retrieval and frozen embryo transfer (FET) affected the live birth (LB) rates of human segmented-IVF cycles. Method A total of 1338 ICSI freeze-all cycles were performed between February 2015 and January 2016, with 1121 FET cycles being retrospectively analyzed. All vitrified-warmed blastocyst transfers were performed in artificial FET cycles, using gonadotropin-releasing hormone (GnRH) agonist downregulation and oral estrogen endometrial preparation. The primary outcome measure was LB. Cycles were investigated in oocyte retrieval-to-FET interval groups of 32-46, 47-61, 62-76, 77-91, and ≥ 92 days, with the 47-61-day group used as the reference group. Results There were no significant differences in LB rates between the groups in the overall analysis, as well as, in subanalyses investigating LB in terms of single blastocyst transfer (SBT), trigger type (GnRH agonist, triggers including hCG), oocyte number (≤ 5 and ≥ 15), and maternal age (> 35 years). Conclusion The present study showed that it is feasible to perform transfers 36 days after oocyte retrieval and that delaying FET in freeze-all beyond the cycle immediately following oocyte retrieval does not increase LB rates.
Introduction
Live birth (LB) rates in human IVF have been seen to increase with increasing numbers of oocytes retrieved; generally, the relationship between LB rates and oocyte numbers follows a sigmoid-curve with LB rates starting to reach optimal levels when > 6 oocytes are retrieved, with the increase no longer significant when > 15 oocytes are retrieved [1, 3] . Likewise, cumulative LB (cLB) rates increase with increasing oocyte numbers; however, cLB rates continue to increase significantly in cycles with > 15 oocytes were retrieved [1] . Optimizing reproductive outcomes in IVF cycles, therefore, requires the use of high dose exogenous gonadotropin controlled ovarian stimulations (COS). Unfortunately, high dose gonadotropin COS often generates supraphysiological hormonal conditions that adversely affect endometrial development and function and, therefore, embryo-endometrium synchrony and embryo implantation [4] [5] [6] [7] . Moreover, in autologous IVF cycles, LB rates were reported to decrease with increasing daily and total exogenous gonadotropin doses, an effect not observed in donor-oocyte cycles with increasing daily and total exogenous gonadotropin doses [8, 9] .
Clinicians are presently often choose to perform elective freeze-all in autologous IVF cycles when confronted with COS-related risk factors, i.e., premature rise in progesterone levels, increased estrogen levels, and ovarian hyperstimulation syndrome symptoms [10] [11] [12] . The confidence in this strategy has grown as the result of innovations in cryopreservation technologies [13, 14] and improvements in the reproductive outcomes of frozen embryo transfers (FET) [15] [16] [17] [18] [19] . Moreover, the main purpose of elective freeze-all is to delay embryo transfer (ET) to a cycle with no COS-related luteal phase defect [6, 20] , i.e., to a cycle with a more physiological endometrial development and, therefore, to a cycle in which embryo-endometrium synchrony can be better managed [21, 22] . Exactly how long a delay is required for the endometrium to recover after COS has not been confirmed with certainty, which has important implications for the planning of FET in freeze-all cycles, as well as, for patients who have to endure the delay to FET.
The delay of ET may significantly affect the psychological state-of-mind of patients undergoing IVF with freeze-all significantly, with a delay in transfer likely to increase patient stress and anxiety and decrease reproductive success. Only two studies have thus far investigated these clinical concerns in large numbers of freeze-all cycles [23, 24] ; in both studies only elective freeze-all cycles were investigated, i.e., cycles in which the risk for reduced and or adverse outcomes was clinically increased. However, in the present study, we investigated consecutive non-elective freeze-all cycles, thereby, minimizing selection bias by including patients with and without reduced and or adverse outcome risks. In this large retrospective study, LB outcomes were investigated according to the time interval between oocyte retrieval and FET, in a total segmented-IVF program.
Materials and methods

Patients
In the present study, the cycles analyzed were from a human segmented-IVF program (freeze-all) in which the majority (> 95%) of IVF treatments were performed with the intention of freeze-all. The change to segmented-IVF at the study center was implemented in 2014, based upon the evidence that the reproductive outcomes of artificial FET (art-FET) were superior to those of fresh ET [12, 18, 25] . The present study was performed in compliance with the Akdeniz University, Faculty of Medicine, Clinical Research Ethics Committee's requirements, with all patients completing a signed informed IVF consent that included permission to use anonymised data in research.
The present study is a retrospective cohort analysis of consecutive intracytoplasmic sperm injection (ICSI) freeze-all cycles performed between February 2015 and January 2016. In total, 1338 patients underwent ICSI-freeze-all cycles, excluding cycles in which maternal age was > 42 years (Table 1) . One thousand three hundred and eleven patients who had ICSI-freeze-all cycles have undergone endometrial preparation for their first FET; 1309 of whom have since undergone ET. Two patients (0.15%) failed to have an ET, as the result of post-warming blastocyst degeneration. A further 188 cycles were excluded for reasons shown in Table 1 , which resulted in 1121 cycles being analyzed in the present study. At the study center, there is no policy on the duration of delay between oocyte retrieval and ET, with all ET planned to be performed with a minimum of delay or according to patient wishes. The 1121 cycles were grouped according to the time interval between oocyte retrieval and ET (i.e., 32-46, 47-61, 62-76, 77-91, and ≥ 92 days), with the chosen intervals based on the distribution of ET shown in Fig. 1 . In the statistical comparisons, the 47-61-day interval group was used as a reference group, as this group represented cycles in which FET were performed two menstrual cycles from oocyte retrieval.
The reproductive outcomes were also analyzed in subgroups that included cycles with single blastocyst transfer (SBT), gonadotropin releasing hormone (GnRH) agonist triggers, human chorionic gonadotropin (hCG) triggers (including both hCG alone or in combination with GnRH agonist), maternal age > 35 years, ≤ 5 oocytes, and ≥ 15 oocytes.
Controlled ovarian stimulation, oocyte pickup, and embryo culture Before commencing COS, all patients had an ultrasound examination on cycle day 2 or 3 for antral follicle counting (AFC; counting of follicles ≥ 3 mm). COS were performed using standard GnRH antagonist (0.25 mg, Cetrotide, Merck Serono, Istanbul, Turkey) co-treatment protocols that included the administration of recombinant follicle-stimulating hormone FSH (rFSH, 150-375 IU, Gonal-F, Merck Serono, Istanbul, Turkey) and human menopausal gonadotropin (hMG, 75-150 IU, Menopur, Ferring Pharmaceuticals, Mumbai, India) for follicular stimulation. The starting gonadotropin dose was based on maternal age, body mass index (BMI), AFC, and the outcomes of previous COS. Final oocyte , at the discretion of the treating clinician. Oocyte retrieval was performed 36 h after trigger, using a transvaginal ultrasound (TVS) guided follicle aspiration (Reproline oocyte aspiration needle, 461230LF, Rheinbach, Germany) procedure. Oocyte collection and manipulation was performed using Cook Medical media (Sydney IVF, Cook Medical, Brisbane, Australia) and embryo culture was performed using SAGE 1-Step™ medium (SAGE, 67010010A, CooperSurgical Fertility Companies, Malov, Denmark), with no change of media during culture. Incubation conditions were set at 6% CO 2 , 5% O 2 , and 37.0°C (G185 Long Term Flat Bed Incubators, K-Systems, Kivex Biotec ltd, Birkerod, Denmark). All oocyte inseminations were performed using ICSI and embryo assessments performed daily.
Blastocyst assessment
Blastocysts were graded according to the 3-part grading system of Gardner and Schoolcraft [26] . The grade of a blastocyst included the assessment of blastocyst expansion (grade 1 to 6), the inner cell mass (ICM, A to C, according to the number and degree of compaction of the cells), and the trophectoderm (TE, A to C, according to the number, size, and contiguous arrangement of the trophectoderm cells). Only blastocysts with the grading of ≥ 2BB were cryopreserved by vitrification.
Blastocyst cryopreservation
Vitrification and warming of blastocysts were performed using ultra-rapid technologies (Cryotop® and vitrification and warming media, Kitazato BioPharma Co. Ltd., Shizouka, Japan), as described by the manufacturer. Blastocysts were warmed and transferred on the same day; after warming, blastocysts were placed in incubation for approximately 2 h and reassesed morphologically.
Cycle programming and endometrial preparation
Standard protocols were used for endometrial preparation, with the start of endometrial preparation programmed with the administration of GnRH agonist (≈ 1.88 mg of a 3.75 mg Lucrin Depot®, Abbott Laboratories Ltd., Istanbul, Turkey) or oral contraceptive pill (OCP, Ginera®, 75 μg Gestodene, 30 μg ethinyloestradiol, Bayer, Istanbul, Turkey) [27, 28] . Cycles with the shortest time interval between oocyte retrieval and ET (≈ 36 days) were those in which a Lucrin Depot® was administered 7 days after oocyte retrieval and endometrial preparation was started 10 days later with oral estrogen administration [27] . Estrogen (Estrofem, Novo Nordisk, Bagsvaerd, Denmark) was taken orally in a step-up regimen: 2 mg/day from day 1 to 6, 4 mg/day from day 7 to 10, and 8 mg/day from day 11 to 14. On the 14th day of estrogen, an ultrasound examination was performed to measure endometrial thickness and a serum progesterone measurement was performed. An endometrial thickness of > 7 mm was considered optimal, however, a serum progesterone level of > 2 ng/mL resulted in the cycle being discontinued. If the endometrium was > 7 mm and serum progesterone was < 2 ng/mL, estrogen administration was continued at 6 mg/day, and daily progesterone (90 mg, twice-a-day, Crinone® 8%, Merck Serono, Turkey) administration commenced the following day (i.e., day 15). FET was performed on day 6 of progesterone administration.
Frozen embryo transfer
All transfers were performed with a glass syringe (50 μL, Hamilton, Giarmata, Romania) attached to an embryo replacement catheter (Sure View®, Smiths Medical International Ltd., Kent, UK) and with trans-abdominal ultrasound guidance, with a maximum of two blastocysts transferred.
Outcomes and statistics
The delay to FET was calculated as the time interval in days between oocyte retrieval and FET, with the reference group (47-61 days) representing FET performed two menstruations after oocyte retrieval. The primary outcome measured in the FET cycles was LB. Patient variables recorded were maternal age (years), BMI (kg/m2), AFC (n), number of previous ET (n), infertility duration (years), and etiology. The treatment cycle variables recorded were duration of exogenous FSH administration (days), total dose of exogenous FSH (IU), trigger type (GnRHa, GnRHa plus hCG, or hCG), and the number of oocytes retrieved. LB was defined as the delivery of a live infant after ≥ 20 gestation weeks. MedCalc version 13.0.6 (MedCalc Software, Ostend, Belgium) was used for statistical analysis in the study. All continuous data were analyzed as medians and 25th and 75th percentiles of per cycle outcomes, as data sets failed normality testing (Shapiro-Wilk), and, therefore, were analyzed with the Mann-Whitney Rank Sum Test. All categorical data are presented as percentages and were analyzed with the chi-square test to determine relative risk and 95% confidence intervals (RR 95% CI). P < 0.05 was considered to be significant.
Results
In the present study, the reproductive outcomes of 1121 art-FET cycles, following blastocyst freeze-all, were analyzed in relation to the time interval between oocyte retrieval and ET (Table 1) . In all the segmented-IVF cycles, the intention was to minimize patient stress and anxiety that might be related to treatment delay and, therefore, ET were performed with minimal delay. The decision to delay transfer for > 62 days was made by patients, with no procedures such as hysteroscopy performed between oocyte retrieval and ET. The protocols used to perform FET resulted in the first ET being performed approximately 36 days after oocyte retrieval, with 67.4% performed within 47 days and 87.6% within 62 days of oocyte retrieval ( Table 2 ). The 137 (12.2%) transfers performed after 62 days were distributed across the longer time interval groups without any group containing a particularly large number of FET (Fig. 1) . Overall, the maternal age of the study population was 31.6 years (± 5.32) and the overall LB rate for the treatment population was 57.8%.
The analysis of patient demographics of cycles in the interval groups are presented in Table 2 . The only significant difference observed was between the infertility duration of the 62-76-day interval group and the reference interval group. In the analysis of the cycle characteristics, presented in Table 3 , the only significant difference found was between the total FSH dose of the 77-91-day interval group and the reference interval group. In the two interval groups with significant differences, low numbers of FET (33 and 35) were performed.
In the analysis of LB rates, presented in Table 4 , there were no significant differences between the LB rates of any of the time interval groups and that of the reference group (47-61 days). The LB rate of FET performed after only one menstruation (57.8%) was similar to the LB rate for FET performed after four menstruations (54.9%). In the sub-analyses of cycles with SBT, GnRH agonist triggers, hCG triggers, maternal age > 35 years, ≤ 5 oocytes, and ≥ 15 oocytes there were also no significant differences between the LB rates of any of the time interval groups and that of the reference group. 
Discussion
In the present study, the LB rates of non-elective blastocyst freeze-all cycles were analyzed; the patients fully represent the infertile population that attended our ART center and included both patients at high and low risk of adverse COS-related outcomes. The cycles were analyzed in 14-day interval groups based on the distribution of FET performed following oocyte retrieval (Fig. 1) , to confirm whether COS performed in the oocyte retrieval cycle affected the endometrial receptivity of subsequent cycles. The analysis of FET cycles confirmed that delaying FET of freeze-all cycles beyond the cycle immediately following oocyte retrieval does not increase LB rates, irrespective of patient, and cycle characteristics (i.e., final oocyte maturation trigger, oocyte number, and maternal age). For the majority of IVF patients, the delay between oocyte retrieval and FET is a major concern. Considering the tremendous psychological and physical burden of infertility and the treatment of infertility, it is important that patients are provided with not only the most effective treatment, but also the most efficient. In the present study, the majority (87.6%) of treatments were completed within 62 days or within three menstrual cycles of oocyte retrieval, with an overall LB rate of 57.8%. Importantly, the LB rates were similar for FET performed < 62 and > 92 days after oocyte retrieval.
There are many factors playing a role in the success of an IVF treatment; the most important of which are factors related to embryo quality and endometrial receptivity. Therefore, any procedure that has an effect on endometrial development has the potential to impair embryo implantation, placentation, intrauterine fetal growth, and ultimately the chances of LB [12] . The use of high gonadotropin dose COS is acknowledged to be pivotal to the success of IVF, in terms of oocyte numbers [1] [2] [3] 8] . However, the use of high gonadotropin dose COS significantly affects the early luteal phase [10, 12, 17] of a treatment cycle, with the supraphysiological levels of estrogen and progesterone that often arise affecting the ability of the endometrium to proliferate, differentiate, and mature [6, [29] [30] [31] . Moreover, the capacity of the endometrium to regenerate is undeniable, with studies reporting that localized injury to the endometrium in the cycle preceding ET even improving the chances of pregnancy [32] . However, the endometrium has been assumed to need a longer time to fully recover after COS, because of its systemic affects. In the past, IVF patients have been advised to delay continuing with treatment for 2-3 months after a failed cycle, with the length of the recommended delay a concern for many patients. Currently, because of the increasing use of segmented-IVF as a novel treatment strategy, the need for such a delay is being questioned by clinicians.
The primary purpose of segmented-IVF is to optimize LB rates by performing embryo transfers under more physiologic luteal phase conditions. The question of when these 21.2 (7) 17.1 (6) 23.9 (17) Oocytes n 13 (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) 14 (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) 0.068 18 (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) 0.373 13 (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) 0.851 13 (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) 0.710 Statistical analysis; all data presented and analyzed as medians and percentiles (25 and 75%). The outcomes in each of the time interval groups were compared with the 47-61-day reference group, with the time interval representing the time in days between oocyte retrieval and frozen embryo transfer. p < 0.05 indicating statistical significance COS controlled ovarian stimulation, FSH follicle stimulating hormone, Agonist gonadotropin releasing hormone agonist, hCG human chorionic gonadotropin, dual a combination of agonist and hCG Agonist trigger GnRH agonist trigger, hCG included trigger cycles all triggers that included the use of hCG, ≤ 5 oocytes cycles all cycles with < 6 oocytes recovered at oocyte retrieval, ≥ 15 oocyte cycles all cycles with > 14 oocytes recovered at oocyte retrieval conditions are present after COS was the subject of recent investigations [23, 24] . While the results of the two studies did not confirm a minimum time delay, both studies showed that the reproductive outcomes from FET performed in the cycle immediately following oocyte retrieval were in no way compromised. Santos-Ribeiro et al. [23] , in their univariate analysis, found the clinical pregnancy rate to be significantly higher in the immediate FET group compared to the delayed FET group (52.9 vs 41.6%, respectively), while Lattes et al. [24] , in their univariate analysis, found LB rates to be significantly higher (37.6 vs 27.3%) in FET performed in the cycle immediately following oocyte retrieval compared to FET performed after two cycles. The generalizability of the evidence from these studies, however, is questionable, as both only investigated elective freeze-all cycles of patients at risk of adverse outcomes. In contrast, we investigated non-elective freeze-all cycles in the present study, with similar LB rates spanning the five intervals (i.e., 32-46, 47-61, 62-76, 77-91, and ≥ 92 days). In terms of the number of menstrual cycles, the LB rates of FET performed within one (32-46 days) and two menstrual cycles (47-61 days) of oocyte retrieval were 57.8 and 59.7%, respectively. In the present study, the same FET programming protocols were used as previously described for freeze-all cycles [26] , with the earliest endometrial preparations starting 14 days after oocyte retrieval and the earliest FET performed 36 days after oocyte retrieval. While the methods may not result in the shortest time delay between oocyte retrieval and FET, the use of GnRH agonist programming does limit the chances of cycle cancelation (≈ 0%) and, therefore, any further unwanted delay. The certainty of having a FET on the planned date avoids increasing patient anxiety and stress (i.e., state anxiety), which has been found to be a significant confounding factor in both pregnancy and LB outcomes [33] . Notwithstanding the general homogeneity presented in the present study, there are many more variables that may independently and significantly affect reproductive outcomes. A series of sub-analyses were performed in which specific variables were controlled for that are known to be associated with the outcomes of COS and the reproductive outcomes of IVF [7, 8, 34] . In the sub-analyses, transfer number (SBT), trigger type (GnRH agonist and hCG trigger), oocyte number (≤ 5 and ≥ 15 oocytes), and maternal age (> 35 years) were controlled for in the comparison of LB rates. In none of the subanalyses were significant differences found in comparison to the LB rate of the reference group. Not only were the LB rates similar across the different interval groups, but they also followed conventional norms, with reduced LB rates in older patients, patients who had low oocyte numbers and patients who had SBT. In addition, the LB rates of cycles that were potentially at increased risk of adverse outcomes (i.e., high oocyte number cycles) were also similar across the different time intervals.
The LB evidence from the analyses of the present study suggests that FET from freeze-all cycles can be planned for the cycle immediately following the oocyte retrieval cycle, with patients who, however, wish to delay FET able to do so without fear of compromising their LB chances. The results of the present study confirm that FET in freeze-all cycles can be successfully performed 36 days after oocyte retrieval and that delaying transfer does not benefit reproductive outcomes. Moreover, while segmented-IVF may be perceived to increase patient stress and anxiety as the result of the delay in treatment completion, its separation from COS and oocyte retrieval may in fact result in patients having less stress and anxiety at the time of transfer.
Even though the study size was large, fully representative of the infertile population of our ART center, and included cycles performed in a 1-year period only, its retrospective design means that the evidence presented may not be free of bias and confounding. In addition, as all FET were performed in art-FET, it is uncertain whether the evidence can be extrapolated to the use of natural cycle FET. In conclusion, the LB rates of the present study show that there is no benefit in delaying FET in segmented-IVF beyond the cycle immediately following the oocyte retrieval cycle.
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